METHOD AND APPARATUS FOR DYNAMICALLY ESTABLISHING 
ROLL STATIC ATTITUDE IN HARD DISK DRIVE 



I. Field of the Invention 

The present invention relates generally to hard disk drives. 

II. Background of the Invention 

Hard disk drives (HDD), particularly those that are used in mobile computers, have to be 
designed to withstand the rough usage typically seen in the mobile environment. The shock 
robustness of such drives has improved primarily in the ability to withstand large shocks during the 
nonoperating mode. Typically, when not operating the slider assembly, which includes the read and 
write elements of the HDD, is "unloaded" by moving the slider onto a ramp near the outer diameter 
of the disk. In this way, in the event of shock the slider does not contact the disk, which could 
otherwise damage the slider and/or disk. 

Before the drive is assembled, a slider orientation parameter referred to as "roll static attitude" 
(RSA) is set to zero on average, while a parameter referred to as "pitch static attitude" (PSA) is set 
slightly above zero on average (typically lOOmin). What this means is that the slider has a slight pitch 
relative to the load beam of the suspension (non-zero PSA), i.e., the leading edge of the slider is 
slightly closer to the suspension than the trailing edge, whereas in the orthogonal dimension of roll 
the slider is parallel to the suspension (zero RSA, i.e., the radially outer edge of the slider is the same 
height as the radially inner edge). 
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With the above in mind, the present invention recognizes that during the load/unload process, 
it would be desirable to establish a non-zero RSA wherein the inner edge of the slider is closer to the 
load beam than the outer edge. With such a RSA, should the slider touch the disk during load/unload, 
it will be the outer edge of the slider that touches. Whatever damage to the disk that might occur 
consequently will happen almost just underneath the ramp, i.e., in a location beyond where data 
ordinarily is written. This in turn ensures that the risk of losing data due to slider-disk contact during 
load/unload is minimized or eliminated. The risk of flying over a damaged region of the disk is also 
reduced. Nonetheless, the present invention recognizes the desire to establish a zero RSA during 
normal operation for optimal performance. 



SUMMARY OF THE INVENTION 

A hard disk drive includes a rotatable disk, a slider juxtaposed with the disk, and a suspension 
holding the slider. A roll static attitude (RSA) bias mechanism is coupled, preferably to the flexure 
of the suspension, to establish a RSA of the slider. 

In a preferred non-limiting embodiment, the RSA bias mechanism may include a piezoelectric 
structure bonded to the flexure part of the suspension. A HDD controller can be provided for 
actuating the RSA bias mechanism. The HDD controller can actuate the RSA bias mechanism to 
establish a zero RSA during read and write operations, and to establish a non-zero RSA during ramp 
load and unload operations. The non-zero RSA may be implemented during load/unload by actuating 
the RSA bias mechanism to bend the flexure to cause an inner edge of the slider to be higher relative 
to the disk than an outer edge of the slider. 
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In another aspect, a hard disk drive (HDD) includes a slider, a roll static attitude (RSA) bias 
mechanism coupled to the slider to turn the slider, and a controller actuating the RSA bias mechanism 
to establish a zero RSA during a first condition and a non-zero RSA during a second condition. 

In still another aspect, a data storage device includes data storage means for storing data, and 
data transfer means juxtaposed with the data storage means for communicating data therebetween. 
Roll static attitude (RSA) biasing means establish a desired RSA. Logic means are provided for 
actuating the RSA biasing means to establish a non-zero RSA of the data transfer means at least 
during the first condition. 

The details of the present invention, both as to its structure and operation, can best be 
understood in reference to the accompanying drawings, in which like reference numerals refer to like 
parts, and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top plan view showing the slider and suspension juxtaposed with a load/unload 
ramp and a disk; 

Figure 2 is a front view of the slider looking at the leading edge during normal operation; 
Figure 3 is a front view of the slider looking at the leading edge during load/unload; 
Figure 4 is an elevational view of the suspension with a preferred non-limiting RSA bias 
mechanism being established by a layer of piezoelectric material; and 
Figure 5 is a flow chart of the present logic. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring initially to Figure 1 , a hard disk dnve (HDD) is shown, generally designated 10, 
which includes a rotatable hard disk 12 that can store data as wntten by a slider 14. The slider 14 is 
supported on a suspense 16, with the read and wnte heads being engaged with a flexure 1 7 of the 
suspension 16. The slider 14 can also read data from the disk 12. The suspension 16 can be engaged 
with a gimbal 1 8. A HDD controller 20 can control movement of the slider 14 relative to the d 1S k 12, 
as well as effect reading and writing of data, in accordance with HDD principles known in the art. 
The HDD controller 20 may implement the dynamic roll static attitude (RSA) biasing logic described 
further below. When not operating the slider 14 can be unloaded onto a ramp 22 in accordance with 
principles known in the art. While only a single disk 12/slider 14 assembly is shown, it is to be 
understood that plural disks and associated sliders can be provided in the HDD 10. 

Now referring to Figure 2, during operation the slider 14 preferably has a zero RSA, wherein 
the outer edge 24 of the slider 14 is the same height as the inner edge 26 of the slider 14 relative to 
the disk 12. In contrast, as shown in Figure 3 during load/unload off of/onto the ramp 22, the slider 
14 has a non-zero RSA, wherein the outer edge 24 of the slider 14 is closer to the disk 12 than is the 
inner edge 26. It may now be appreciated that should slider-disk contact occur during load/unload, 
it will occur at the outer edge 24, not the inner edge 26, i.e., at a disk location where data is not 
expected to be present. 

Figure 4 shows that in one non-limiting embodiment, a RSA bias mechanism can be 
implemented by a layer of piezoelectric material (PZT) 28 that is engaged with the suspension 16, 
preferably with the flexure 1 7 of the suspension 16. The PZT 28 may be a monomorph or bimorph 
or other piezoelectric structure that may be bonded to the flexure 1 7. When a voltage is applied to the 
PZT 28 as determined by the HDD controller 20 in accordance with the logic herein, the PZT 28 
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expands or contracts, bending at least a portion of the suspension 16 (e.g., the flexure 1 7) and, hence, 
establishing a predetermined RSA of the slider 14. If desired, the PZT 28 may not be bonded along 
its entire interface with the suspension 16 so that the PZT 28 may more freely deform in the desired 
direction. The particular type, orientation, and actuating voltages of the PZT 28 are selected as 
appropriate for the particular geometry of the HDD 10 and the desired RSA bias during load/unload. 

Figure 5 shows the present logic. When it is determined (by, e.g., the HDD controller 20) 
at decision diamond 30 that the slider 14 is to be loaded off of or unloaded onto the ramp 22, the logic 
moves to block 32 to actuate the RSA bias mechanism to establish the non-zero RSA shown in Figure 
3. The actuation can be effected by, e.g., applying a predetermined voltage or removing voltage 
altogether from the preferred non-limiting PZT 28 shown in Figure 4. In contrast, when it is 
determined that normal operation of the slider 14 is to be implemented, the logic flows to block 34 
to actuate the RSA bias mechanism as appropriate to establish the zero RSA of the slider 14 shown 
in Figure 2. 

As examples, the head assembly can be biased such that when no voltage is applied to the 
PZT 28, a non-zero RSA is assumed, with a zero RSA being established by energizing the PZT 28 
against the bias. In this example, in case of emergency power off, the correct non-zero RSA is 
established for unloading by the material bias of the head assembly. Or, the opposite could be 
effected, wherein the head assembly is materially biased with a zero RSA and energizing the PZT 28 
results in establishing a non-zero RSA, so that power is saved by not requiring PZT 28 voltages during 
operation. 

In addition to the above, the RSA may be incrementally established based on head radial 
location over the disk as appropriate to decrease magnetic spacing and/or to increase clearance. The 
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desired RSA values and/or corresponding PZT 28 voltages can be accessed using an empirically 
generated lookup table for various radial positions of the head. 

While the particular METHOD AND APPARATUS FOR DYNAMICALLY 
ESTABLISHING ROLL STATIC ATTITUDE IN HARD DISK DRIVE as herein shown and 
described in detail is fully capable of attaining the above-described objects of the invention, it is to 
be understood that it is the presently preferred embodiment of the present invention and is thus 
representative of the subject matter which is broadly contemplated by the present invention, that the 
scope of the present invention fully encompasses other embodiments which may become obvious to 
those skilled in the art, and that the scope of the present invention is accordingly to be limited by 
nothing other than the appended claims, in which reference to an element in the singular is not 
intended to mean "one and only one" unless explicitly so stated, but rather "one or more". It is not 
necessary for a device or method to address each and every problem sought to be solved by the present 
invention, for it to be encompassed by the present claims. Furthermore, no element, component, or 
method step in the present disclosure is intended to be dedicated to the public regardless of whether 
the element, component, or method step is explicitly recited in the claims. No claim element herein 
is to be construed under the provisions of 35 U.S.C. section 1 12, sixth paragraph, unless the element 
is expressly recited using the phrase "means for" or, in the case of a method claim, the element is 
recited as a "step" instead of an "act". Absent express definitions herein, claim terms are to be given 
all ordinary and accustomed meanings that are not irreconcilable with the present specification and 
file history. 
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